Gamma-secretase/presenilin inhibitors for Alzheimer's disease phenocopy Notch mutations in Drosophila.
Signaling from the Notch (N) receptor is essential for proper cell-fate determinations and tissue patterning in all metazoans. N signaling requires a presenilin (PS)-dependent transmembrane-cleaving activity that is closely related or identical to the gamma-secretase proteolysis of the amyloid-beta precursor protein (APP) involved in Alzheimer's disease pathogenesis. Here, we show that N-[N-(3,5-difluorophenacetyl)-L-alanyl]-(S)-phenylglycine t-butyl ester, a potent gamma-secretase inhibitor reported to reduce amyloid-beta levels in transgenic mice, prevents N processing, translocation, and signaling in cell culture. This compound also induces developmental defects in Drosophila remarkably similar to those caused by genetic reduction of N. The appearance of this phenocopy depends on the timing and dose of compound exposure, and effects on N-dependent signaling molecules established its biochemical mechanism of action in vivo. Other gamma-secretase inhibitors caused similar effects. Thus, the three-dimensional structure of the drug-binding site(s) in Drosophila gamma-secretase is remarkably conserved vis-à-vis the same site(s) in the mammalian enzyme. These results show that genetics and developmental biology can help elucidate the in vivo site of action of pharmacological agents and suggest that organisms such as Drosophila may be used as simple models for in vivo prescreening of drug candidates.